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(57) ABSTRACT

According to one embodiment, a method of manufacturing a
display device, includes preparing a first substrate formed
such that a first resin layer 1s formed on a first support sub-
strate, and thereafter a display element portion and a mount-
ing portion are formed above the first resin layer and a pro-
tection layer, which extends from an end portion of the first
resin layer along the mounting portion onto the first support
substrate, 1s disposed, preparing a second substrate formed
such that a second resin layer 1s formed on a second support
substrate, attaching the first substrate and the second sub-
strate, and mounting a flexible printed circuit board, which 1s
in a state 1n which the flexible printed circuit board 1s opposed
to the protection layer, on the mounting portion.

10 Claims, 9 Drawing Sheets
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-116373,
filed May 31, 2013, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a display
device and a method of manufacturing the display device.

BACKGROUND

Flat-panel display devices, such as an organic electrolumai-
nescence (EL) display device and a liquid crystal display
device, have been used 1n various fields. In recent years, as
regards mobile information terminal devices such as mobile
phones and PDAs (personal digital assistants), there has been
an increasing demand for a display device having a less thick-
ness and a less weight.

For example, such a technique has been proposed that all
members constituting an electronic device are configured to
be tlexible by connecting a flexible display panel and a tlex-
ible driving circuit board via a flexible printed circuit. As
another similar example, there has been proposed a technique
in which a flexible printed circuit 1s connected to a flexible
display panel. In addition, as another example, such a tech-
nique has been proposed that a flexible display panel module
1s sandwiched between two resin sheets, these two resin
sheets are thermocompression-bonded, and a flexible printed
circuit board, which 1s connected to an end portion of the
display panel module, 1s also sandwiched between the two
resin sheets, thereby enhancing sealing properties and ensur-
ing protection against the external environment.

On the other hand, there has been a demand for simplifying
a manufacturing process and improving productivity 1n
achieving mass-production of display devices, while enhanc-
ing reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a view which schematically 1llustrates a cross-

sectional structure of a display device 1 according to an
embodiment.

FIG. 1B 1s a plan view which schematically illustrates the
display device 1 shown 1n FIG. 1A.

FIG. 1C 1s a view which schematically illustrates a cross-
sectional structure including a display element portion 120 of
the display device 1 of the embodiment.

FIG. 1D 1s a view which schematically illustrates a cross-
sectional structure including a mounting portion 130 of the
display device 1 of the embodiment.

FI1G. 2 1s a view for describing a method of manufacturing
the display device 1 of the embodiment, FIG. 2 illustrating a
step of preparing a first mother substrate M1.

FI1G. 3 15 a view for describing the method of manufactur-
ing the display device 1 ol the embodiment, FIG. 3 1llustrating
a step of preparing a second mother substrate M2.

FIG. 4 1s a schematic plan view of the second mother

substrate M2 shown i1n FIG. 3.
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FIG. 5 1s a view for describing the method of manufactur-
ing the display device 1 of the embodiment, FIG. Sillustrating
a step of attaching the first mother substrate M1 and the
second mother substrate M2.

FIG. 6 1s a view for describing the method of manufactur-
ing the display device 1 of the embodiment, FIG. 6 illustrating
a step of peeling a second support substrate 200 from second
resin layers 211 to 213.

FIG. 7 1s a view for describing the method of manufactur-
ing the display device 1 of the embodiment, FIG. 7 illustrating
a step of cutting a first support substrate 100.

FIG. 8 1s a view for describing the method of manufactur-
ing the display device 1 of the embodiment, FIG. 8 illustrating
a step of mounting a signal supply source.

FIG. 9 1s a view for describing the method of manufactur-
ing the display device 1 of the embodiment, FIG. 9 illustrating
a step of attaching a first resin layer 111 and the second resin
layer 211, with the signal supply source being interposed.

FIG. 10 1s a view for describing the method of manufac-
turing the display device 1 of the embodiment, FIG. 10 1llus-
trating a step of peeling the first support substrate 100 from
the first resin layer 111.

FIG. 11 1s a view which schematically illustrates another
cross-sectional structure including the display element por-
tion 120 of the display device 1 of the embodiment.

FIG. 12 1s a view which schematically 1llustrates another
cross-sectional structure including the display element por-
tion 120 of the display device 1 of the embodiment.

FI1G. 13 1s a view for describing a method of manufacturing,
the display device 1 of the embodiment, FIG. 13 illustrating
another step of preparing the first mother substrate M1.

DETAILED DESCRIPTION

In general, according to one embodiment, a method of
manufacturing a display device, includes: preparing a first
substrate formed such that a first resin layer with an 1sland
shape 1s formed on a {irst support substrate, and thereafter a
display element portion and a mounting portion are formed
above the first resin layer and a protection layer, which
extends from an end portion of the first resin layer along the
mounting portion onto the first support substrate, 1s disposed;
preparing a second substrate formed such that a second resin
layer 1s formed on a second support substrate; attaching the
first substrate and the second substrate; peeling the second
support substrate from the second resin layer by radiating a
laser beam toward the second substrate; mounting a flexible
printed circuit board, which is 1n a state 1n which the flexible
printed circuit board 1s opposed to the protection layer, on the
mounting portion; and peeling the first support substrate from
the first resin layer by radiating a laser beam toward the first
substrate.

According to another embodiment, a display device
includes: an array substrate including a first resin substrate, a
display element portion and a mounting portion which are
formed above the first resin substrate, and a protection layer
which 1s disposed on an end portion of the first resin substrate
along the mounting portion; a counter-substrate including a
second resin substrate which 1s formed in the same shape as
the first resin substrate and 1s opposed to the display element
portion and the mounting portion; an adhesive which adheres
the display element portion of the array substrate and the
counter-substrate; and a flexible printed circuit board
mounted on the mounting portion in a state in which the
flexible printed circuit board 1s opposed to the protection
layer.
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Embodiments will now be described 1in detail with refer-
ence to the accompanying drawings. In the drawings, struc-
tural elements having the same or similar functions are
denoted by like reference numerals, and an overlapping
description 1s omitted.

FIG. 1A 1s a view which schematically 1llustrates a cross-
sectional structure of a display device 1 according to the
embodiment. A description 1s given of an orgamic EL display
device as an example of a sheet-shaped display device 1.

Specifically, the display device 1 includes an array sub-
strate AR and a counter-substrate C'T. The array substrate AR
1s formed by using a first resin substrate 10. The array sub-
strate AR 1ncludes a display element portion 120 and a mount-
ing portion 130, on an inner surface of the first resin substrate
10, that 1s, on the side thereof facing the counter-substrate CT.
The display element portion 120 includes a plurality of
organic EL elements OLED. Each organic EL element OLED
emits, for example, white light. An IC chip 2 and a flexible
printed circuit board 3 are mounted on the mounting portion
130 as signal supply sources which supply necessary signals
for driving the organic EL elements OLED.

The counter-substrate CT 1s formed by using a transparent
second resin substrate 30. The second resin substrate 30 1s
opposed to the display element portion 120 and mounting
portion 130. The counter-substrate CT includes a color filter
layer 220 on an inner surface of the second resin substrate 30,
that 1s, on the side thereof facing the array substrate AR. The
color filter layer 220 1s composed of a plurality of kinds of
color filters with different colors. The color filter layer 220 1s
opposed to the display element portion 120, and the color
filters of the respective colors are opposed to the organic EL
clements OLED.

The array substrate AR and counter-substrate CT are
attached by an adhesive 41 and an adhesive 42. The adhesive
41 attaches the display element portion 120 and the counter-
substrate C'1. In an example, the adhesive 41 attaches the
display element portion 120 and the color filter layer 220. In
addition, the adhesive 41 also extends to the periphery of the
display element portion 120, and attaches the first resin sub-
strate 10 and second resin substrate 30. The adhesive 42
attaches the first resin substrate 10 and second resin substrate
30 1n the state 1n which the signal supply sources (I1C chip 2
and flexible printed circuit board 3) are held between the first
resin substrate 10 and second resin substrate 30. Each of the
adhesive 41 and adhesive 42 1s formed of a material with low
moisture permeability, and functions as a moisture barrier
film or a sealing film.

FIG. 1B 1s a plan view which schematically illustrates the
display device 1 shown 1n FIG. 1A.

The array substrate AR and counter-substrate CT have the
same outer shape, and have end portions overlapping each
other. Specifically, the firstresin substrate 10 and second resin
substrate 30 are formed 1n the same shape, and the end por-
tions of the first resin substrate 10 and the end portions of the
second resin substrate 30 overlap with each other on the four
sides. Although the depiction of the organic EL elements, efc.
1s omitted, the display element portion 120 1s formed 1n a
rectangular shape, and the color filter layer 220 1s disposed in
a manner to overlap the display element portion 120. The
adhesive 41 1s disposed not only between the display element
portion 120 and the color filter layer 220, but 1s also disposed
in a manner to surround the display element portion 120 and
the color filter layer 220.

A protection layer 140 1s disposed at one end portion of the
first resin substrate 10 along the mounting portion 130. The
flexible printed circuit board 3 1s mounted on the mounting
portion 130 1n the state 1n which the flexible printed circuit
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4

board 3 1s opposed to the protection layer 140. A length L1 of
the protection layer 140, which 1s disposed at the end portion,
1s greater than a length 1.2 in the width direction of the flexible
printed circuit board 3. Incidentally, the protection layer 140
does not need to be disposed over the entirety of the end
portion, and 1t should suilice 1f the protection layer 140 1s
disposed at least at a position overlapping the tlexible printed
circuit board 3. In the mounting portion 130, the adhesive 42
1s disposed 1n a manner to cover the area on which the IC chip
2 and tlexible printed circuit board 3 are mounted.

FIG. 1C 15 a view which schematically illustrates a cross-
sectional structure including the display element portion 120
of the display device 1 of the embodiment. A description 1s
given of a cross-sectional structure of the display device 1 of
a top emission type.

Specifically, the array substrate AR 1ncludes switching ele-
ments SW1 to SW3 and organic ELL elements OLEDI1 to
OLED3 on an inner surface 10A side of the first resin sub-
strate 10. The mner surface 10A of the first resin substrate 10
1s covered with a first insulation film 11. The first insulation
f1lm 11 functions as an inner surface barrier film for suppress-
ing entrance of 1onic impurities from the first resin substrate
10 or entrance of moisture via the first resin substrate 10. The
first insulation film 11 1s formed of an 1norganic material such
as silicon nitride (S1N), silicon oxide (510) or silicon oxyni-
tride (S10N), and 1s composed of a single layer or a multi-
layer. Incidentally, when another insulation film, which 1s
located on the inner surface 10A side of the first resin sub-
strate 10, functions as a barrier film, the first insulation film 11
may be omaitted.

The switching elements SW1 to SW3 are formed on the
first insulation film 11. These switching elements SW1 to
SW3 are, for example, thin-film transistors (TFTs) each
including a semiconductor layer SC. The switching elements
SW1 to SW3 have the same structure. In the description
below, attention 1s paid to the switching element SW1, and the
structure thereot 1s described more specifically.

In the example i1llustrated, the switching element SW1 1s of
a top gate type, but may be of a bottom gate type. The semi-
conductor layer SC 1s formed of, for example, amorphous
s1licon, polysilicon, or an oxide semiconductor. Preferably, a
s1licon-based material with a relatively high absorption ratio
for ultraviolet wavelengths should be applied to the semicon-
ductor layer SC. The semiconductor layer SC 1s formed on the

first insulation film 11, and 1s covered with a second insula-
tion {1lm 12. The second msulation film 12 1s also disposed on
the first insulation film 11. A gate electrode WG of the switch-
ing element SW1 1s formed on the second insulation film 12.
The gate electrode WG 1s covered with a third insulation film
13. The third insulation film 13 1s also disposed on the second
insulation film 12. A source electrode WS and a drain elec-
trode WD of the switching element SW1 are formed on the
third 1nsulation film 13. The source electrode WS and drain
clectrode WD are put in contact with the semiconductor layer
SC. The source electrode WS and drain electrode WD are
covered with a fourth insulation film 14. The fourth insulation
f1lm 14 1s also disposed on the third msulation film 13.

The organic EL elements OLEDI1 to OLED3 are formed on
the fourth msulation film 14. In the example illustrated, the
organic EL element OLED1 1s electrically connected to the
switching element SW1, the organic EL element OLED?2 1s
clectrically connected to the switching element SW2, and the
organic EL element OLED3 1s electrically connected to the
switching element SW3. Each of the organic EL elements
OLED1 to OLED3 1s configured as a top emission type which
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emits white light toward the counter-substrate CT. The
organic EL elements OLED1 to OLED3 have the same struc-
ture.

The organic EL element OLEDI1 includes an anode PE1
which 1s formed on the fourth insulation film 14. The anode
PE1 1s in contact with the drain electrode WD of the switching
clement SW1 and 1s electrically connected to the switching
clement SW1. Similarly, the organic ELL element OLED2
includes an anode PE2 which 1s electrically connected to the
switching element SW2, and the organic EL element OLED3
includes an anode PE3 which 1s electrically connected to the
switching element SW3.

The organic ELL elements OLED1 to OLED3 further
include an organic light emission layer ORG and a cathode
CE. The organic light emission layer ORG 1s located on the
anodes PE1 to PE3. For example, the organic light emission
layer ORG 1s continuously formed, without a break, over the
organic EL elements OLEDI1 to OLED3. The cathode CE 1s
located on the organic light emission layer ORG. The cathode
CE 1s continuously formed, without a break, over the organic
EL elements OLED1 to OLED3.

Specifically, the organic EL element OLEDI1 1s composed
of the anode PE1, organic light emission layer ORG and
cathode CE. Similarly, the organic ELL element OLED2 1s
composed of the anode PE2, organic light emission layer
ORG and cathode CE, and the organic EL element OLED3 1s
composed of the anode PE3, organic light emission layer
ORG and cathode CE.

In the meantime, in the organic EL elements OLEDI1 to
OLED3, aholeinjection layer or ahole transport layer may be
turther provided between each of the anodes PE1 to PE3 and
the organic light emission layer ORG, and an electron 1njec-
tion layer or an electron transport layer may be further pro-
vided between the organic light emission layer ORG and the
cathode CE.

In the example illustrated, the organic EL elements
OLED1 to OLED3 are partitioned by ribs 15. The ribs 13 are
tormed on the fourth insulation film 14 and cover the edges of
the anodes PE1 to PE3. Although not described in detail, the
ribs 15 are formed, for example, 1n a grid shape or 1n a stripe
shape on the fourth 1nsulation film 14.

Although not illustrated, it 1s desirable that the organic EL
clements OLED1 to OLED3 be sealed by a transparent seal-
ing film. As the sealing film, a single layer or a multilayer of
a transparent inorganic material (e.g. silicon nitride, silicon
oxide) 1s applicable, and also a multilayer, which 1s formed by
alternately stacking a thin film of an mmorganic material and a
thin {ilm of an organic material, 1s applicable.

The display element portion 120 corresponds to a structure
body of a region in which plural switching elements SW and
plural organic EL elements OLED are arranged, and 1s sub-
stantially a structure body of a display area which displays an
image.

The counter-substrate CT includes a color filter layer 220,
ctc. on an mner surface 30A side of the second resin substrate
30.

In the present embodiment, the first resin substrate 10 and
second resin substrate 30 are formed of, for example, a mate-
rial consisting mainly of polyimide (PI). Each of the first resin
substrate 10 and second resin substrate 30 has a thickness of,
¢.g. S to 30 um. It 1s desirable to use, aside from polyimide, a
resin material with high heat resistance, such as polyamide
imide or polyaramide, as the material of the first resin sub-
strate 10 and second resin substrate 30. In particular, since
light emitted from the top-emission type organic EL elements
OLEDI1 to OLED3 passes through the second resin substrate
30, 1t 1s desirable that the second resin substrate 30 be formed
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6

ol a material with high transparency, and be formed of poly-
imide among the above-mentioned matenals.

In the case where one display pixel 1s composed of sub-
pixels of three colors of red, blue and green, the color filter
layer 220 1ncludes a color filter CF1, a color filter CF2 and a
color filter CF3. The color filter CF1 1s a blue color filter
which 1s opposed to the organic ELL element OLED1 and
passes a light component of a blue wavelength of white light.
The color filter CF2 1s a green color filter which 1s opposed to
the organic EL element OLED2 and passes a light component
of a green wavelength of white light. The color filter CF3 is a
red color filter which 1s opposed to the organic EL element
OLED3 and passes a light component of a red wavelength of
white light. In the meantime, 1n the case where one display
pixel 1s composed of sub-pixels of four colors of red, blue,
green and white, the color filter layer 220 1includes a transpar-
ent color filter which 1s opposed to an organic EL element
OLED, in addition to the blue color filter, green color filter
and red color filter.

The counter-substrate C'T may further include a transpar-
ent barrier layer on the inner surface 30A side of the second
resin substrate 30, 1n order to suppress the entrance of 10nic
impurities from the second resin substrate 30, and the
entrance ol moisture via the second resin substrate 30.

The display element portion 120 of the array substrate AR
and counter-substrate CT are attached by the transparent
adhesive 41.

In the display device 1, when each of the organic EL
clements OLEDI1 to OLED3 has emitted light, this radiated
light (white light) 1s emitted to the outside via the color filter
CF1, color filter CF2 or color filter CF3. At this time, a light
component of a blue wavelength of the white light, which has
been radiated from the organic EL element OLEDI1, passes
through the color filter CF1. In addition, a light component of
a green wavelength of the white light, which has been radiated
from the organic EL element OLED2, passes through the
color filter CF2. A light component of a red wavelength of the
white light, which has been radiated from the organic EL
clement OLED3, passes through the color filter CF3.
Thereby, color display 1s realized.

FIG. 1D 1s a view which schematically 1llustrates a cross-
sectional structure including the mounting portion 130 of the
display device 1 of the embodiment.

In the example 1llustrated, in the mounting portion 130 of
the array substrate AR, the first msulation film 11, second
insulation film 12, third insulation film 13 and fourth insula-
tion film 14 are stacked on the first resin substrate 10. In the
mounting portion 130, a pad portion EA, on which the IC chip
2 1s mounted, and a pad portion EB, on which the flexible
printed circuit board 3 1s mounted, are provided on the fourth
insulation film 14. The pad portion EB 1s located closer to the
end portion side of the array substrate AR than the pad portion
EA. The IC chip 2 1s mounted on the pad portion EA via an
anisotropic conductive film ACF. The tlexible printed circuit
board 3 1s mounted on the pad portion EB via an anisotropic
conductive film ACF.

Incidentally, although not 1llustrated, in the mounting por-
tion 130, various wirings and various circuits, which are
formed 1n the same layer as the gate electrodes, source elec-
trodes and anodes, are formed. The pad portion EA and pad
portion EB are electrically connected to these various wirings
and circuits.

The protection layer 140 neighbors the pad portion EB and
1s located at the substrate end portion of the array substrate
AR, but 1s spaced apart from the pad portion EB. This pro-
tection layer 140 1s formed of a material with a relatively high
absorption ratio for ultraviolet wavelengths, and corresponds
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to an ultraviolet absorption layer. Specifically, the protection
layer 140 has a function of protecting the flexible printed
circuit board 3 from light with an ultraviolet wavelength
which 1s radiated from the first resin substrate 10 side. In order
to achieve this function, a silicon-based material should pret-
erably be applied to the protection layer 140. For example, the
protection layer 140 can be formed of the same material as the
semiconductor layer SC, which 1s applied to the switching
clement. In the example illustrated, the protection layer 140 1s
disposed on the fourth insulation film 14, like the pad portion
EB. Alternatively, the protection layer 140 may be disposed
on the first insulation film 11, like the semiconductor layer SC
of the switching element. In this case, since the semiconduc-
tor layer SC and the protection layer 140 can be formed
batchwise 1n the same fabrication step, another fabrication
step for forming the protection layer 140 1s needless, and the
introduction of a new material can be avoided.

The counter-substrate CT 1s attached to the mounting por-
tion 130 of the array substrate AR by the adhesive 42.

Next, a description 1s given of an example of a method of
manufacturing the display device 1 according to the embodi-
ment.

To begin with, as illustrated 1n FIG. 2, a first mother sub-
strate M1 1s prepared. Specifically, a film of a polyimide
precursor compound with a thickness of 5 to 30 um 1s formed
on a first support substrate 100 which 1s formed of no-alkali
glass or the like, by using a film-forming device such as a slit
coater. Then, this film 1s cured by heating, and patterned by
using a photolithography process. Thereby, first resin layers
111 to 113 are formed. As an example, the thickness of each
of the firstresinlayers 111 to 113 was setat 10 um. Each of the
first resin layers 111 to 113 corresponds to the above-de-
scribed first resin substrate 10. The first resin layers 111 to
113 are formed 1n a first region Al, a second region A2 and a
third region A3, respectively, and are spaced apart from each
other. Specifically, each of the first resin layers 111 to 113 1s
formed 1n an 1sland shape on the first support substrate 100. In
other words, each of the first resin layers 111 to 113 1s pat-
terned to have the same outer shape size as the first resin
substrate 10 of the organic EL display device that 1s a final
product.

Then, on the first resin layer 111, a first display element
portion 121 and a first mounting portion 131 are formed, and
a protection layer 141 1s formed. On the second resin layer
112, a second display element portion 122 and a second
mounting portion 132 are formed, and a protection layer 142
1s formed. On the third resin layer 113, a third display element
portion 123 and a third mounting portion 133 are formed, and
a protection layer 143 1s formed.

The first display element portion 121, second display ele-
ment portion 122 and third display element portion 123 have
the same structure and correspond to the above-described
display element portion 120. Although a detailed structure 1s
not 1llustrated, each of the first display element portion 121,
second display element portion 122 and third display element
portion 123 includes a plurality of switching elements SW
and a plurality of organic EL elements OLED, which are
arranged 1n a matrix. In addition, the first mounting portion
131, second mounting portion 132 and third mounting por-
tion 133 have the same structure and correspond to the above-
described mounting portion 130. Although a detailed struc-
ture 1s not 1llustrated, each of the first mounting portion 131,
second mounting portion 132 and third mounting portion 133
includes a pad portion EA and a pad portion EB. The protec-
tion layers 141 to 143 have the same shape, and are formed to
extend from end portions of the first resin layers 111 to 113
onto the first support substrate 100. A part of each of the
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protection layers 141 to 143 corresponds to the above-de-
scribed protection layer 140. The protection layers 141 to 143
are formed, for example, during fabrication steps of forming
the first display element portion 121, second display element
portion 122 and third display element portion 123 (for
example, 1n a fabrication step of forming the semiconductor
layer). For example, the protection layer 140 1s a silicon thin
f1lm.

Subsequently, as 1illustrated 1n FIG. 3, a second mother
substrate M2 1s prepared. Specifically, transparent second
resin layers 211 to 213 are formed on an 1nner surface 200A
ol a second support substrate 200 which 1s formed of no-alkali
glass or the like. The method of forming the second resin
layers 211 to 213 1s the same as that of the first resin layers 111
to 113, and a description thereof 1s omitted. As an example,
the thickness of each of the second resin layers 211 to 213 was
set at 10 um. Fach of the second resin layers 211 to 213
corresponds to the above-described second resin substrate 30.

The second resin layer 211 1s formed at a position which
corresponds to the first region A1 when the first mother sub-
strate M1 and second mother substrate M2 are attached. Simi-
larly, the second resin layer 212 1s formed at a position cor-
responding to the second region A2, and the third resin layer
213 1s formed at a position corresponding to the second region
A3. These second resin layers 211 to 213 are spaced apart
from each other. Specifically, each of the second resin layers
211 to 213 1s formed 1n an 1sland shape on the mner surface
200A of the second support substrate 200. In other words,
cach of the second resin layers 211 to 213 1s patterned to have
the same outer-shape size as the second resin substrate 30 of
the organic EL display device that 1s the final product.

Then, a first color filter layer 221 1s formed on the second
resin layer 211, a second color filter layer 222 1s formed on the
second resin layer 212, and a third color filter layer 223 1s
formed on the second resin layer 213. The first color filter
layer 221 1s formed at such a position as to face the first
display element portion 121, when the first mother substrate
M1 and second mother substrate M2 are attached. Similarly,
the second color filter layer 222 1s formed at such a position as
to face the second display element portion 122, and the third
color filter layer 223 1s formed at such a position as to face the
third display element portion 123. The first color filter layer
221, second color filter layer 222 and third color filter layer
223 have the same structure, and each of the first color filter
layer 221, second color filter layer 222 and third color filter
layer 223 includes a first color filter (blue color filter) CF1, a
second color filter (green color filter) CF2 and a third color

filter (red color filter) CF3.

An adhesive 41 1s coated on the surfaces of the first color
filter layer 221, second color filter layer 222 and third color
filter layer 223.

As 1llustrated 1in FIG. 4, each of the first color filter CF1,
second color filter CF2 and third color filter CF3 1s formed 1n
a stripe shape, and the first color filter CF1, second color filter
CF2 and third color filter CF3 are cyclically arranged 1n the
named order.

Subsequently, as 1llustrated 1n FIG. 5, the first mother sub-
strate M1 and second mother substrate M2 are attached. Spe-
cifically, the first display element portion 121 and first color
filter layer 221 are attached by the adhesive 41, the second
display element portion 122 and second color filter layer 222
are attached by the adhesive 41, and the third display element
portion 123 and third color filter layer 223 are attached by the
adhesive 40.

Following the above, as 1llustrated in FIG. 6, as regards the
second mother substrate M2, the second support substrate
200 1s peeled from the second resin layers 211 to 213, and the
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second support substrate 200 1s removed. Specifically, as
regards the second mother substrate M2, a laser beam 1s
radiated on almost the entire surface of the second support
substrate 200 from an outer surface 200B side of the second
support substrate 200, and ablation 1s performed. At this time,
as the light source of the laser beam that 1s radiated, use can be
made of a light source (laser device) or a heat source (elec-
tromagnetic wave radiation device) which exhibits local
energy absorption at an interface between the second support
substrate 200 and the second resin layers 211 to 213. In thas
example, an excimer laser device was used. In an example, the
oscillation wavelength of the excimer laser device 1s, e.g. 308
nm.

By the radiation of the laser beam, the laser beam 1s prop-
erly absorbed 1n the second resin layers 211 to 213, and the
absorbed laser beam changes to thermal energy, and parts of
the second resin layers 211 to 213 are evaporated in the
vicinity of the interface between the second resin layers 211
to 213 and the second support substrate 200. Thus, the second
support substrate 200 and the second resin layers 211 to 213
are separated. Thereby, the second resin layers 211 to 213,
first color filter layer 221, second color filter layer 222 and
third color filter layer 223 are transferred onto the first mother
substrate M1. This method i1s called “laser ablation”, etc.

Thereatfter, as illustrated 1n FIG. 7, the first support sub-
strate 100 1s cut by scribing along cut lines indicated by
broken lines. Thereby, chips C1 to C3, which are separated
from the first mother substrate M1, are obtained. The chip C1
obtained from the first region Al includes the first display
clement portion 121 and first mounting portion 131. The chip
C2 obtained from the second region A2 includes the second
display element portion 122 and second mounting portion
132. The chip C3 obtained from the third region A3 includes
the third display element portion 123 and third mounting
portion 133.

Subsequently, as illustrated in FIG. 8, as regards the sepa-
rated chip C1, the IC chip 2 and flexible printed circuit board
3, which are signal supply sources, are mounted on the first
mounting portion 131. At this time, 1n the state in which the
second resin layer 211, which 1s opposed to the first mounting
portion 131, 1s warped 1n a direction away from the first
mounting portion 131, the IC chip 2 and flexible printed
circuit board 3 are mounted on the first mounting portion 131.
Since the first support substrate 100 1s leit as an underlayer of
the first resin layer 111, 1t 1s possible to secure a suificient
support strength of the first mounting portion 131, against a
pressing force which 1s applied at the time of mounting the IC
chip 2 and flexible printed circuit board 3. Although not
illustrated, signal supply sources are also mounted on the
second mounting portion 132 of the chip C2 and the third
mounting portion 133 of the chip C3.

Following the above, as illustrated 1n FIG. 9, in the first
mounting portion 131, the first resin layer 111 and second
resin layer 211 are attached by an adhesive 42. Thereby, the
IC chip 2 and flexible printed circuit board 3, which are
mounted on the first mounting portion 131, are held between
the first resin layer 111 and second resin layer 211. Although
not 1llustrated, as regards the second mounting portion 132 of
the chip C2, the first resin layer 112 and second resin layer
212 are attached by the adhesive 42, and the signal supply
sources are held therebetween. Simailarly, as regards the third
mounting portion 133 of the chip C3, the first resin layer 113
and second resin layer 213 are attached by the adhesive 42,
and the signal supply sources are held therebetween.

Subsequently, as illustrated 1n FIG. 10, as regards the chip
1, the first support substrate 100 1s peeled from the first resin
layer 111, and the first support substrate 100 1s removed.
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Specifically, a laser beam 1s radiated on that area of the first
support substrate 100, which overlaps the first resin layer 111,
from the outer surface 100B side of the first support substrate
100, and ablation 1s performed. The laser ablation at this time
was conducted under the same condition as described with
reference to FIG. 6. As the light source at this time, an excimer
laser was used, like the case described with reference to FIG.
6. Although not 1llustrated, by similar laser ablation, the first
support substrate 100 and the first resin layer 112 are sepa-
rated as regards the chip C2, and the first support substrate
100 and the first resin layer 113 are separated as regards the
chip C3.

By the radiation of the laser beam, the laser beam 1s prop-
erly absorbed 1n the first resin layer 111, and the absorbed
laser beam changes to thermal energy, and a part of the first
resin layer 111 1s evaporated in the vicinity of the interface
between the firstresin layer 111 and the first support substrate
100. Thus, the first support substrate 100 and the first resin
layer 111 are separated. In addition, the area from the end
portion of the first resin layer 111, which overlaps the flexible
printed circuit board 3, to the first support substrate 100 1s
covered with the protection layer 141. Thus, even 11 the laser
beam 1s radiated not only on the area overlapping the first
resin layer 111, but also on an area outside this area, the laser
beam 1s absorbed by the protection layer 141. Specifically, the
protection layer 141 prevents the laser beam from reaching
the flexible printed circuit board 3. Taking mto account the
precision of radiation of the laser beam, if the protection layer
141 extends on the first support substrate 100 with a width of
about 1 mm from the end portion of the first resin layer 111,
the protection layver 141 can present the laser beam from
reaching the flexible printed circuit board 3.

Thereby, the first support substrate 100 and first resin layer
111 are separated. A part of the protection layer 141 1s left on
the end portion of the separated first resin layer 111, and the
other part of the protection layer 141 1s removed together with
the first support substrate 100.

Thus, the display device 1 of the embodiment 1s manufac-
tured.

According to the above-described embodiment, the first
mother substrate M1 1s applied. This first mother substrate
M1 1s formed such that the first resin layer 111 1s formed on
the first support substrate 100, and thereafter the first display
clement portion 121 and first mounting portion 131 are
formed and the protection layer 141, which extends from the
end portion of the first resin layer 111 along the first mounting
portion 131 onto the first support substrate 100, 1s disposed.
Thereatter, 1n this first mother substrate M1, the IC chip 2 and
flexible printed circuit board 3 are mounted on the first
mounting portion 131. At this time, 1n the state in which the
flexible printed circuit board 3 1s opposed to the protection
layer 141, one end portion of the flexible printed circuit board
3 1s mounted on the first mounting portion 131, and the other
end portion thereol extends to the outside from the first resin
layer 111. Thereatter, the first support substrate 100 1s peeled
from the first resin layer 111 by radiating a laser beam from
the outer surface side of the first support substrate 100. At this
time, since the area from the end portion of the first resin layer
111, which overlaps the tlexible printed circuit board 3, to the
first support substrate 100 1s covered with the protection layer
141, the laser beam, which 1s radiated on the outside of the
end portion of the first resin layer 111, 1s absorbed by the
protection layer 141. It 1s thus possible to prevent the laser
beam from being directly radiated on the flexible printed
circuit board 3 projecting outward from the end portion of the
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first resin layer 111, and to protect the flexible printed circuit
board 3 from the laser beam for peeling the first support
substrate 100.

Accordingly, when display devices are mass-produced, the
flexible printed circuit board 3 can surely be mounted. When
the laser beam 1s subsequently radiated 1n order to peel the
first support substrate 100 from the first resin layer 111, 1t 1s
possible to avoid damage to the flexible printed circuit board
3, regardless of the precision of radiation position of the laser
beam, and to improve the productivity and improve the reli-

ability of the device.

According to the present embodiment, the protection layer
141 can be formed of a silicon-based material. In this case,
when the switching element including the semiconductor
layer SC 1s formed 1n the first display element portion 121, the
protection layer 141 can be formed of the same material at the
same time as the semiconductor layer SC. Thus, another
fabrication step for forming the protection layer 141 1s need-
less, and the introduction of a new material for forming the
protection layer 141 1s not required. Therefore, an 1increase in
manufacturing cost can be suppressed. Incidentally, in the
case where the protection layer 141 was formed of a silicon-
based material, the protection layer 141 1s formed of amor-
phous silicon or polysilicon.

Furthermore, according to the embodiment, the second
mother substrate M2 1s applicable, in which the second resin
layers 211 to 213, which are formed 1n the same 1sland shape
as the first resin layers 111 to 113, are formed on the 1nner
surface 200A of the second support substrate 200. Thus,
fabrication steps for individually cutting the first resin layers
111 to 113 and the second resin layers 211 to 213 are needless.
Therefore, an increase 1 manufacturing cost can be sup-
pressed.

In addition, according to the present embodiment, after the
signal supply sources are mounted, the second resin layer
211, which 1s opposed to the mounting portion 131, 1s adhered
to the first resin layer 111. Thus, the signal supply sources are
held between the first resin layer 111 and second resin layers
211. Therefore, separation of the signal supply sources from
the first mounting portion 131 can be suppressed, and the
strength of mounting can be improved. In addition, in the first
mounting portion 131, since the adhesive 42, which adheres
the first resin layer 111 and second resin layer 211, has low
moisture permeability, the entrance of moisture via the adhe-
stve 42 can be suppressed, and the damage to the signal
supply sources due to moisture can be reduced. Therefore, the
reliability can be enhanced.

Besides, according to the embodiment, since the display
device 1 1s configured such that the first resin substrate 10 and
second resin substrate 30 are applied, compared to a display
device mn which glass substrates are applied, the thickness and
weilght can be reduced, flexibility 1s high, and the degree of
freedom 1n shaping 1s high. In addition, since each of the first
resin substrate 10 and second resin substrate 30 has a moisture
barrier layer on the inner surface thereof, the entrance of
moisture via the first resin substrate 10 and second resin
substrate 30 can be suppressed. Thus, the damage due to
moisture to the organic EL elements OLEDI1 to OLED3 can
be reduced. Theretfore, degradation 1n display quality due to
occurrence of dark spots can be suppressed.

In the above-described embodiment, each of the second
resin layers 211, second resin layer 212 and second resin layer
213 1s formed 1n the 1sland shape. Alternatively, these resin
layers may be formed as a single resin layer, and the single
resin layer may be cut after the second support substrate 200
1s separated.
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In the above example, the description has been given of the
display device in which the counter-substrate C'T includes the
color filter layer 220, and the manufacturing method of the
display device 1n which the color filter layer 220 1s formed on
the counter-substrate CT. However, the embodiment 1s not
limited to this example. For instance, the array substrate AR
may include the color filter layer 220.

FIG. 11 1s a view which schematically illustrates another
cross-sectional structure including the display element por-
tion 120 of the display device 1 of the embodiment.

The example 1llustrated relates to a bottom-emission-type
display device 1. Specifically, the display device 1 1llustrated
in FIG. 11 differs from the display device 1 described with
reference to FIG. 1C i that the color filter layer 220 1s
disposed on the inner surface 10A of the first resin substrate
10, and that each of the organic ELL elements OLEDI1 to
OLED?3 1s configured as a bottom emission type which emits
white light toward the first resin substrate 10. The color filter
layer 220 1s disposed between the first resin substrate 10 and
the first msulation film 11. In the example 1illustrated, the
color filter CF1 1s located between the organic EL element
OLED1 and the first resin substrate 10, the color filter CF2 1s
located between the organic EL element OLED2 and the first
resin substrate 10, and the color filter CF3 1s located between
the organic EL element OLED3 and the first resin substrate
10.

FIG. 12 1s a view which schematically illustrates another
cross-sectional structure including the display element por-
tion 120 of the display device 1 of the embodiment.

The display device 1 of the bottom emission type 1llus-
trated 1n FI1G. 12 differs from the display device 1 illustrated
in F1G. 11 1n that the color filter layer 220 1s substituted for the
fourth insulation film 14. The color filter layer 220 1s disposed
between the third mnsulation film 13 and the organic EL e¢le-
ments OLED1 to OLED3. In the example illustrated, the
color filter CF1 1s located between the organic EL element
OLED1 and the third insulation film 13, the color filter CF2 1s
located between the organic EL element OLED?2 and the third
insulation film 13, and the color filter CF3 is located between
the organic EL element OLED3 and the third insulation film
13. Incidentally, the color filter layer 220 may be substituted
for an 1insulation film other than the fourth mnsulation film 14.

The method of manufacturing the above-described bot-
tom-emission-type display devices 1 1s the same as in the
above-described example, except for the step of preparing the
first mother substrate M1 illustrated 1n FI1G. 2, and the step of
preparing the second mother substrate M2 1llustrated in FIG.
3.

FIG. 13 1s a view for describing a method of manufacturing,
the display device 1 of the embodiment, FIG. 13 illustrating
another step of preparing the first mother substrate M1.

Specifically, first resin layers 111 to 113 are formed on a
first support substrate 100 which 1s formed of no-alkal1 glass
or the like. Then, a first color filter layer 221, a second color
filter layer 222 and a third color filter layer 223 are formed on
the first resin layers 111 to 113. Thereaiter, a first display
clement portion 121 and a first mounting portion 131 are
formed 1n the first region Al, a second display element por-
tion 122 and a second mounting portion 132 are formed 1n the
second region A2, and a third display element portion 123 and
a third mounting portion 133 are formed 1n the third region
A3. At this time, the first display element portion 121 1s
formed at a position overlapping the first color filter layer 221,
the second display element portion 122 1s formed at a position
overlapping the second color filter layer 222, and third dis-
play element portion 123 1s formed at a position overlapping
the third color filter layer 223.
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On the other hand, in the step of preparing the second
mother substrate M2, transparent second resin layers 211 to
213 are formed on the mner surface 200A of the second
support substrate 200.

The subsequent fabrication steps are the same as those in
the above-described example, and a description thereof 1s
omitted.

With this bottom-emission-type display device and the
manufacturing method thereof, the same advantageous
elfects as with the above-described example of the top emis-
s1on type can be obtained.

As has been described above, according to the present
embodiment, there can be provided a display device which
can improve the productivity and reliability, and a manufac-
turing method thereof.

In the meantime, 1n the above-described embodiment, as an
example of the display device, the organic EL display device
has been described. However, another example of the display
device may be a liquid crystal display device. In this case, the
display element portion 1s configured to include a pixel elec-
trode 1n place of the anode, which 1s connected to a switching,
clement, a common electrode 1n place of the cathode, and a
liquid crystal layer including liquid crystal molecules inplace
of the organic light emission layer. Light, which passes
through the liquid crystal layer, 1s modulated by switching the
liquid crystal molecules by an electric field between the pixel
clectrode and common electrode. Use may be made of a
method in which a closed-loop-shaped sealantis used in place
of the adhesive 41, and a liqud crystal material 1s dispensed
in the mside surrounded by the sealant before the first mother
substrate M1 and second mother substrate M2 are attached.
Incidentally, the color filter layer may be provided on the
array substrate or may be provided on the counter-substrate.

In the embodiment, the above-described laser ablation
technique 1s applied to the peeling between the first support
substrate 100 and the first resin layers 111 to 113, and the
peeling between the second support substrate 200 and the
second resin layers 211 to 213. Alternatively, other tech-
niques, such as a thermal rapid anneal technique, are appli-
cable.

As regards the second mother substrate M2, each of the
second resin layers 211 to 213 1s formed 1n the 1sland shape.
Alternatively, a second resin layer, which continuously
extends, without a break, over the 1inner surface 200A of the
second support substrate 200, may be formed, and this second
resin layer may be cut into a desired size by radiating a laser
beam to the second resin layer, after peeling the second sup-
port substrate 200 from the second mother substrate M2.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes 1n the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the 1nventions.

What 1s claimed 1s:

1. A method of manufacturing a display device, compris-
ng:

preparing a {irst substrate formed such that a first resin

layer with an 1sland shape 1s formed on a first support
substrate;

forming a display element portion, amounting portion, and

a protection layer above the first resin layer, the protec-
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tion layer extending from an end portion of the first resin
layer along a long side of the mounting portion onto the
first support substrate;

preparing a second substrate formed such that a second
resin layer 1s formed on a second support substrate;

attaching the first substrate and the second substrate;

peeling the second support substrate from the second resin
layer by radiating a laser beam toward the second sub-
strate;

mounting a flexible printed circuit board, which 1s in a state
in which the tlexible printed circuit board 1s opposed to
the protection layer, on the mounting portion; and

peeling the first support substrate from the first resin layer
by radiating a laser beam toward the first substrate.

2. The method of claim 1, wherein, 1n said preparing the
first substrate, a switching element including a semiconduc-
tor layer 1s formed 1n the display element portion, and the
protection layer 1s formed of the same material as the semi-
conductor layer.

3. The method of claim 1, further comprising forming a
color filter layer, which 1s opposed to the display element
portion, above the first resin layer or above the second resin
layer, before attaching the first substrate and the second sub-
strate.

4. The method of claim 1, wherein, in said preparing the
second substrate, the second resin layer with an 1sland shape
corresponding to the 1sland shape of the first resin layer 1s
formed.

5. The method of claim 1, further comprising adhering the
first resin layer and the second resin layer 1n a state 1n which
the flexible printed circuit board 1s held between the first resin
layer and the second resin layer.

6. A display device comprising:

an array substrate including a first resin substrate, a display
clement portion, and a mounting portion which are
formed above the first resin substrate, the display ele-
ment portion including a plurality of thin film transistors
and a plurality of organic emitting elements;

a counter-substrate including a second resin substrate
which 1s formed in the same shape as the first resin
substrate and 1s opposed to the display element portion
and the mounting portion;

a first adhesive which adheres the display element portion
of the array substrate and the counter-substrate;

a second adhesive which adheres the mounting portion of
the array substrate and the counter-substrate;

a tlexible printed circuit board mounted on the mounting
portion, and arranged between the second adhesive and
the mounting portion, and

a protection layer formed on an end portion of the firstresin
substrate along a long side of the mounting portion,

wherein the array substrate, the protection layer, the flex-
ible printed circuit board, the second adhesive, and the
counter-substrate are arranged 1n this order,

the mounting portion includes a pad portion, on which the
flexible printed circuit board 1s mounted, and

the protection layer 1s located closer to the end portion side
of the first resin substrate than the pad portion.

7. The display device of claim 6, wherein the display ele-
ment portion includes a switching element including a semi-
conductor layer, and

the protection layer 1s formed of the same material as the
semiconductor layer.

8. The display device of claim 6, further comprising a color
filter layer, which 1s opposed to the display element portion,
between the first resin substrate and the second resin sub-
strate.
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9. The display device of claim 6, wherein a width of the
protection layer 1s greater than a width of the flexible printed
circuit board in a direction along the long side of the mounting
portion.

10. The display device of claim 9, wherein a predetermined 5

empty space 1s arranged between the protection layer and the
flexible printed circuit board.
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